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Declaration of Svend Biricelund 

1. 1, Svend Birkelund, S0toften 26, DK-8250 Eg3, Denmark, in my capacity as professor at 
The Department of Medical Microbiology and Immunology, DK-8000 Aariius C, Denmark, 
do state and declare as follows: 

2. 1 am one of the named inventors of the above-capttoned patent application. I believe 
that I am a person skilled in the art to which the above-captioned application pertains. 

3. J.have.read-the-Office-Ac±ion-dated-26-Septembet^2003^AGGordmg-to-the-Offrc 
subsequences of the present proteins are not enabled. The present invention relates to a 
protein perse and hence is enabled if there is any use for the claimed proteins. A 
subsequence of a protein can be used as a diagnostic or vaccine sub-component. To do so 
it Is only necessary that the protein has an epitope (B-cell or T-cell epitope) and elicits an 
Immune response. Claim 5 requires that subsequences comprise "at least one epitope of at 
least one of the isolated proteins". 

4. As the skilled artisan in the field of immunology, I can assure that it would not take 
undue experimentation to identify epitopes of the proteins. It would be routine for 
molecular biologists to use algorithms based on local hydrophilicity, etc. to predict the 
location of epitopes. 

5. To further emphasize that the subsequences of the proteins are enabled, we have made 
supplementary experiments Identifying epitopes. We have determined that Ompll (later 
named Pmp8) contains a CD4+ T-cell epitope by use of an ELISpot assay (Mygind et al. 
2003). A protein can be fragmented different methods: 1) by use of overlapping 
recombinant fragments cloned into an expression vector 2) by chemical or 3) by enzymatic 
digests 4) synthetic peptides (Demotz et a. 1989) and the purified fragments/peptides can 
be used in a lymphocyte proliferation assay to map the epitopes (Demotz et a. 1989). We 
amplified the genes encoding Omp4-15 and expressed them In E co//. The recombinant 
proteins were purified and tested for activation of lymphocytes. Ompll (later Pmp8) was 
shown to activate lymphocytes by ELISPOT (Czerkinsky et al. 1988). The gene encoding 
Ompll was then fragmented into seven overiapping fragments (Pedersen et al. 1996), the 
fragments were cloned into E. coli, expressed, purified and tested for activation of 
lymphocytes. One fragment (fragment 3) was shown to activate lymphocytes by the 
ELISPOT assay (Czerkinsky et al. 1988). This fragment was further analyzed. From the AA 
sequence 30-mer peptides with an overiap of 10 amino acid were made as described 



(Petersen et at. 1992). These peptides were then used as target in the EUSPOT assay and 
one 30 AA long epitope was identified (377-406: AAQGQSIYFYDPIASNTTGASDVLTINQPD). 
When immunizing mice with this peptide prior to a C pneumoniae lung challenge mice 
were partially protected compared to unimmunized mice and spleen cells from the infected 
mice were shown to be activated by this peptide in the IFN-g EUSPOT assay. 

6. Thus in addition to the general understanding that it would be routine for molecular 
biologists to use algorithms based on local hydrophilicity, etc. to predict the location of 
epitopes, we have now presented supplementary experiments which show that it neither 
would require undue experimentation to identify epitopes and detect the concomitant 
protective immune response, and hence the subsequences of the present invention are 
enabled. 

7. Mygind, T., S. Birkelund, E. Falk and G. Christiansen. 2001. Evaluation and real-time 
quantitative PGR for identification and quantification of Chlamydia pneumoniae by 
comparison with immunohistochemistry. J Microbiol Methods. 46, 241-51. 
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8. 1 further declare that all statements made herein of my own knowledge are true and 
further that the statements were made with the knowledge that wilful false statements 
and the like so made are punishable by fine or imprisonment, or both, under Section 1001 
of Title 18 of the United States Code and that such wilful false statements may jeopardise 
the validity of the application or any patent issued thereon. 
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Peciaration pf gvend BirKeiund 

1. 1, Svend Birkelund, S0toften 26, DK-8250 EgS, Denmark, in my capacity as professor at 
The Department of Medical Microbiology and Immunology, DK-8000 Aarhus C, Denmark, 
do state and declare as follows: 

2. 1 am one of the named inventors of the above-captioned patent application. I believe 
that I am a person skilled in the art to which the above-captioned application pertains. 

3.4-have-read-the papel^by-Melgosa-e^^/i-FEMS-MieFobiology-LfittereHl4-2-(^^^ 

In this paper Melgosa ef aL describes for the first time that Chlamydia pneumoniae 

contains a protein of 98-kDa present in the Chlamydia outer membrane complex (COMC). 

4. It Is important to note that Melgosa eta/, did not isolate the 98-kDa protein from the 
outer membrane complex of Chlamydia pneumoniae, but merely showed the presence of 
the protein using separation by electrophoresis. Thus, Melgosa eta/, do not teach isolated 
proteins. 

5. In fact Melgosa et aL had no idea that the 98-kDa protein which they showed the 
presence of represented a mixture of proteins. Because the 98-kDa protein was a mixture 
of the proteins, it was not possible to obtain an N-terminal sequence the 98-kDa protein 
from the gel since there would have been contamination from the other proteins 
represented by the 98-kDa protein. Furthermore, it would have been Impossible to Identify 
and clone the gene from knowledge obtained from an N-terminal amino acid sequence 
because no genome sequence was available. Consequently, Melgosa et aL did not isolate 
any of the chlamydial proteins of the present invention. In my opinion we had to employ 
inventive skills to achieve the important result that the 98-kDa protein disclosed by 
Melgosa et aL In fact was a mixture of several proteins. 

6. Melgosa et aL obtained the results In two ways: 

1) Radioactive labeling of alt chlamydial proteins during cultivation, harvesting of the 
chlamydiae and separation of COMC according to Caldwell et al. 1981. Proteins present In 
the purified COMC were solubilized in SDS sample buffer, separated by SDS-PAGE and the 
proteins were visualized on X-ray films. In addition to bands presenting known proteins 
(MO MP, Omp2 and Omp3) a 98-kDa protein band was seen. 



2) COMC proteins were separated by SDS-PAGE as described In 1) the proteins were 
transferred to nitrocellulose membranes and reacted with antibodies generated by 
immunization of rabbits with purified C. pneumoniae. The immunoblotting showed that 
MOMP, Omp2, Omp3 and the 98 kDa protein were recognized by the antibodies. 

7. Melgosa et ai thus showed the presence of a 98-kDa protein in C. pneumoniae COMC 
but did not characterize the protein further, did not isolate the protein and did not identify 
the gene encoding the protein. 

8. In contrast, the present application presents isolated peptides according to the amino 
acid sequence of each of the cloned and sequenced gens encoding 98 kDa proteins. Such 
peptides were obtained by cloning each gene separatelyinto an expression vector system, 
expressing the peptides in Escherichia coli and purifying the peptides. Thus, each peptide 
was obtained separately being free of any other chlamydial protein. 

To be able to Isolate the peptides we employed a rather different and inventive approach. 

9. In order to obtain the gene(s) encoding the 98-kDa protein we first immunized a rabbit 
with COMC solubilized in SDS buffer. We then made a genomic library with C. pneumoniae 
DNA fragmented by cleavage with the restriction endonuclease SauIIIA. The fragments 
were cloned into the vector system pEXl,2,3, transferred into Escherichia coli, and after 
rescue the E. coli were plated on agar plates. The E. coli colonies were transferred onto 
nitrocellulose membranes and reacted with our anti-COMC antibody described above. 
Colonies containing a plasmid encoding fragments of the proteins that antibodies were 
generated against were blue, and these colonies were streaked so that single clones were 
obtained-Fromeachof these cfonesplasmid-DNArwas-purifiedrand-them 
were sequenced. The sequences were compared to gene bank data and dones containing 
fragmented MOMP, Omp2 and Omp3 were not selected for further use. 

10. The clones containing unknown sequences were used to probe another genomic librar/ 
of C. pneumoniae DNA that was constructed to contain large fragments of DNA. From this 
library large fragments were selected and bidirectionally sequenced. From these sequences 
genes encoding 98-kDa proteins were obtained. The genes were then amplified by PCR, 
cloned into an expression system and proteins were purified. The recombinant 98-kDa 
proteins were used to immunize rabbits and the resulting antibodies recognized the 98- 
kDa COMC band in immunoblotting. 

11. We thus showed that the 98-kDa protein band contained many 98-kDa proteins all of 
which belonged to a protein family with specific features (GGAI repeats), and that these 
proteins are localized in COMC in the 98-kDa protein band. We thus identified and 
characterized a new Omp gene family (the Pmp family). We purified the proteins 
individually as recombinant proteins and showed the proteins to be present in COMC. We 
employed inventive skills to achieve the important result that the 98-kDa protein disclosed 
by Melgosa et al. in fact was a mixture of several proteins. 

The isolation of the peptides is very important for vaccine use, since the peptide for such 
use must be purified sufficiently to be pharmaceuttcally acceptable. Accordingly, the 
protein according to the invention must be free of any other chlamydial protein. 

12. 1 further declare that all statements made herein of my own knowledge are true and 
further that the statements were made with the knowledge that wilful false statements 
and the like so made are punishable by fine or imprisonment, or both, under Section 1001 



of Title 18 of the United States Code and that such wilful false statements may jeopardise 
the validity of the application or any patent issued thereon. 

Dated: ^-^'^ Signature: ^^c/^ ^j^^c M^^^^^^^ 

Svend Birkelund 
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Abstract 

The complete genome of Chlamydia pneumoniae contains a total of 21 genes encoding polymorphic membrane proteins (Pmp). From this 
large Pmp family three genes, pmp8^ pmplO and pmpJl, were cloned and antibodies against recombinant full-length Pmp proteins were 
produced. Indirect immunofluorescence microscopy of HEp-2 cells infected with C pneumoniae CWL029 was performed with the Pmp 
antibodies in combination with a C/i/a/w>'^//a-specific anti-lipopolysaccharide (LPS) antibody. This double staining technique clearly showed 
that expression of PmplO was differential. Additional double staining with monoclonal antibodies to the surface of C. pneumoniae 
elementary bodies and the anti-LPS antibody resulted in identification of seven monoclonal antibodies that reacted identically to the PmplO 
antibody indicating that PmplO is an immunodominant protein. Finally, the molecular mechanism responsible for differential expression is 
suggested to be variation in the guanine residues in the polyG tract of pmp 10. © 2001 Federation of European Microbiological Societies. 
-Published-by-ElsevieF-SGience-BT-VT-All-rights-reservedr- ~" =^ 

Keywords: Chlamydia pneumoniae; Polymorphic membrane protein; Double staining technique; Indirect immunofluorescence microscopy; Monoclonal 
antibody 



1. Introduction 

Chlamydia pneumoniae is an obligate intracellular bacte- 
rium and a common human pathogen causing infection of 
the upper and lower respiratory tract [1]. The Chlamydia 
species are characterized by a biphasic developmental 
cycle and the genus-specific, surface-localized lipopolysac- 
charide (LPS) epitope. When treating Chlamydia elemen- 
tary bodies (EB) with sarcosyl, an insoluble fraction is 
obtained. This fraction is defined as COMC, the Chlamy- 
dia outer membrane complex. Besides LPS, the well char- 
acterized components of COMC are the major outer mem- 
brane protein (MOMP), outer membrane protein 2 
(Omp2) and outer membrane protein 3 (Omp3). Expres- 
sion of additional outer membrane proteins, referred to as 
polymorphic membrane proteins (Pmp), has been de- 
scribed in C. pneumoniae [2-4] and C psittaci [5,6]. In C 
trachomatis PmpE, PmpG and PmpH have been identified 
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by mass spectrometry [7,8]. In both C trachomatis and C 
psittaci the Pmps are made late in the developmental cycle. 

The recent genome sequences [9-12] have revealed 21 
pmp genes in C pneumoniae and nine in C. trachomatis. 
Common for the Pmps are the tetrapeptide GGA(W/L) 
motif repeated several times in the N-terminal part. The 
C-terminal half is characterized by conserved tryptophans 
and a carboxy-terminal phenylalanine. A signal peptide 
leader sequence is predicted in 20 C pneumoniae Pmps 
[13], which indicates an outer membrane localization. 
PmplO and Pmp 11 contain a signal peptidase II cleavage 
site [2] suggesting lipid modification. The C pneumoniae 
Pmps comprise high molecular mass proteins of about 1 00 
kDa (average length of 930 aa). Pmp6, Pmp20 and Pmp21 
have primary sequence sizes of 1408, 1724 and 1610 amino 
acids. Pmp 12 is a truncated version of only 514 aa as it 
lacks the C-terminal part shared among other full-length 
Pmps, and in four genes, pmp3^ pmp4, pmp5 and pmpJ7, a 
frameshift mutation results in prematurely terminated 
gene products [14]. A full-length pmp 10 gene product is 
produced in strains CWL029, AR39 and TW183 [2,15] 
whereas the CWL029 pmpJO sequence determined by Kal- 
man et al. [10] is out of reading frame. 



0378-1097/01 /$20.00 © 2001 Federation of European Microbiological Societies. Published by Elsevier Science B.V, All rights reserved. 
PlI: S0378- 1097(01)0034 1 -X 



154 



A.S. Pedersen et ailFEMS Microbiology Utters 203 (200]) J 53-1 59 



The C. pneumoniae pmp genes represent 17.5% of the 
chlamydia-specific coding capacity [16] and they are all 
transcribed during chlamydial growth [4] but the function 
of Pmps remains unknown. The in vivo expression of 
Pmps in infected HEp-2 cell culture has been investigated 
by Christiansen et al. [14] who showed that antibodies 
against recombinant Pmpl, 2, 4 and Pmp8-ll reacted 
well in indirect immunofluorescence microscopy (IMF) 
whereas antibodies to Pmp5 and Pmpl 2 failed to react. 
By 2-D PAGE and mass spectrometry Vandahl et al, [3] 
have identified 10 C pneumoniae full-length Pmps (Pmp2, 
6, 7, 8, 10, 11, 13, 14, 20 and 21) that were expressed in EB 
during cuhivation, but no evidence of expression of the 
truncated pmp5 and pmpl2 was found. 

Efforts to identify proteins comprising the surface of C 
pneumoniae EB have been impeded due to a dominance of 
conformational epitopes [17]. Consequently, attempts to 
identify surface-exposed antigenic determinants by immu- 
noblotting with C pneumoniae monoclonal antibodies 
(mAb) have been unsuccessful [18,19]. In contrast to other 
Chlamydia species, no linear epitopes were found in C. 
pneumoniae MOMP [17,20] but a conformational sur- 
face-exposed epitope was recently detected [21]. In 1999 
Knudsen et al. [2] showed that C pneumoniae Pmpl 1 con- 
tained epitopes exposed on the surface. Immunoblotting 
with recombinant Pmpll verified that mAb Cp24.1.44, a 
C pneumoniae-spGcific monoclonal antibody against the 
-EB-surface-[-l-8]rwas-directed-to-epitopes-of-Pmpl-h-Im— 
munoelectron microscopy performed with mAb Cp24.1.44 
demonstrated surface binding of the antibody to the retic- 
ulate body, EB and COMC. Furthermore, previous results 
have indicated differential expression of pmp 10 [22,23]. As ' 
these reports provide the possibility that expression of 
homologous Pmps is switched from on to off, the aim of 
this study was to analyze C pneumoniae-Mccicd cell cul- 
ture for differential expression of Pmp8, PmplO and 
Pmpll. Inclusions were double-stained as monoclonal 
and polyclonal antibodies in combination were used for 
IMF analysis. By the double staining technique 1 1 mono- 
clonal antibodies produced against C. pneumoniae EB [18] 
were applied for additional characterization of PmplO. 



Finally, a molecular mechanism leading to differential ex- 
pression of Pmp during chlamydial growth in cell culture 
was proposed. 



2. Materials and methods 

2.7. C. pneumoniae strain and cultivation 

C pneumoniae (CDC/CWL029A^R1310), purchased 
from the American Type Culture Collection (Rockville, 
MD, USA), was grown in HEp-2 cells (American Type 
Culture Collection) as described [24]. 

2.2. Cloning and expression of recombinant Pmps (rPmp) 

Primers used for cloning of Pmp8, PmplO and Pmpll 
were from DNA Technology (Aarhus, Denmark). All 
primers were designed with LIC-specific sequences as illus- 
trated in Table 1. Ligation-independent cloning into the 
pET-30 Lie vector (Novagen, Madison, WI, USA) was 
done as described by the manufacturer. Control sequenc- 
ing verified a correct pmp insert. Expression of a His- 
tagged fusion protein was induced with 1 mM IPTG for 
2 h at 37*C. Fusion proteins were purified by affinity 
chromatography on HiTrap nickel columns (Amersham 
Pharmacia). 



Table 1 
Primers used 
pmpU 



2.3. Production of rPmp antibodies 

Recombinant Pmps were dialyzed against three volumes 
of 1 1 phosphate-buffered saline (PBS, pH 7.4) containing 
1 mM EDTA. 10-50 ^ig were used for i.m. immunization 
(antigen dissolved in PBS and emulsified in Freund's in- 
complete adjuvant) of New Zealand White rabbits on days 
1, 8 and 15 and i.v. (antigen dissolved in PBS) on days 29, 
36 and 43. Rabbits were bled on day 60. 

2.4. Indirect immunofluorescence microscopy 

Antibodies used for IMF are listed in Table 2. A mono- 
layer of HEp-2 cells grown on glass coverslips was infected 
with 0.5 or with twofold dilution series up to 0.016 C 
pneumoniae inclusion-forming units per cell. Cells were 



for PGR amplification of C pneumoniae pmp8, pmp 10 and 



Target gene Primer sequence 5' to V 



pmp8 (fw) GACGACGACAAGATGATTGCAACTTACGGAG 
pmp8 (rv) GAGGAGAAGCCCGGTCTAGAATGAGTATCTTAGCCCAC 
pmp 10 (fw) GACGACGACAAGATGTGTTCCACTGTTTTTGCTGC 
pmpW (rv) GAGGAGAAGCCCGGTCTAGAATTGGAACTTACCCCC 
pmpU (fw) GACGACGACAAGATGAAGACTTCGATTCCTTGGGTTTT 
AGTTTCC 

pmpll (rv) GAGGAGAAGCCCGGTTAGAATCGGAGTTTGGTACCAAC 
ATCTACATTG 

Nucleotides in bold are the pET-30 LIC-specified sequence, 
fw: forward primer; rv: reverse primer. 



Table 2 

Antibodies used for IMF 



Antibody 



Antigen (cloned amino acids) 



pAb 201 


Pmp8 (21-931) 


pAb 203 


PmplO (20-929) 


pAb 195 


Pmpll (1-929)^ 


pAb 198 


C pneumoniae OMC^ 


mAb 15.1 


Chlamydia LPS** 


■Reference [2]. 




t^Reference [25]. 
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methanol-fixed 72 h after infection and incubated with a 
mixture of polyclonal (pAb) and monoclonal (mAb) anti- 
bodies diluted 1 :200 and 1:5, respectively. Fluorescein iso- 
thiocyanate (FITC)-conjugated goat anti-rabbit (Jackson 
ImmunoResearch Laboratories) and rhodamine red-conju- 
gated goat anti-mouse (Jackson ImmunoResearch Labo- 
ratories) secondary antibodies were used in a 1:100 dilu- 
tion. The IMF procedure was done as described previously 
[24]. Examination of inclusions was performed on a Leitz 
DMRBE fluorescence microscope (Leica Mikroskopie und 
Systeme GmbH, Wetzlar, Germany). Objectives of 100 X 
and 40 X magnification and filters for visualization of ei- 
ther red, green or both colors were applied. 

2.5. pEX expression clones 

The pEXl-1, pEXl-2 and pEXl-6 clones were generated 
as described by Knudsen et al. [2]. Expression of fusion 
proteins, done as previously described [26], was analyzed 
by SDS-PAGE [2]. 

2.6. High fidelity PCR and sequencing 

Primers used for the PCR reaction and sequencing were 
from DNA Technology (Aarhus, Denmark). The polyG 
region of pmplO was amplified from C. pneumoniae 
CWL029 genomic DNA as primers were designed to an- 
-neal-l-30=l 40-bp-f rom-the-string-of-guamnesr-The-primers- 
5'-GGGAATAAATCGAGCGC-3' and 5'-GGTGTAGT- 
TGCAACAATGGC-3' resulted in a product of 491 bp 
(covers bp 568-1058 ofpmplO), The Expand® High Fidel- 
ity PCR System (Roche, Mannheim, Germany) was used 
for PCR reactions. The High Fidelity enzyme mix contains 
the thermostable Taq DNA polymerase and Pow DNA 
polymerase. PCR was done in accordance with the man- 
ufacturer's instructions. DNA sequencing was performed 
with an ABI Prism 377 DNA Sequencer (Perkin Elmer) 
and templates for sequence reactions were: (i) plasmid 
DNA from the pEXl-1, pEXl-2 and pEXl-6 clones 
from the original C. pneumoniae CWL029 expression li- 
brary [2] and (ii) the 491 -bp PCR product of C. pneumo- 
niae pmplO. Sequence reactions were performed with the 
Terminator Ready Reaction Mix (Perkin Elmer, Applied 
Biosystems, UK) mixed with 0.5 |ig template DNA, 1 pmol 
of each primer, and thermocycled. Primers for sequencing 
of the PCR product were 5'-CGCAGGAAATGGAG- 
GAGC-3' and 5'-GGTGTAGTTGCAACAATGGC-3'. 
Sequencing of plasmids was performed with primers spe- 
cific for the pEX vector. 

2.7. Accession number 

The accession number is AJ 133034 (nucleotide and ami- 
no acid sequences of C pneumoniae CWL029 omp4 
{pmp}}\ omp5 (pmplO) and ompll (pmp8)). 



3. Results and discussion 

3.1. Differential expression of PmplO 

To determine whether Pmp8, PmplO or Pmpll were 
differentially expressed, IMF was performed on C pneu- 
moniae-inhcied HEp-2 cells fixed with methanol 72 h post 
infection. After fixation, infected host cells were subjected 
to the double staining technique where cells were incu- 
bated with polyclonal Pmp antibodies against Pmp8 
(anti-PmpS, pAb 201), PmplO (anti-PmplO, pAb 203) 
and Pmpll (anti-Pmpll, pAb 195) each applied in combi- 
nation with mAb 15.1 (anti-LPS) [25] that was used for 
detection of all inclusions containing Chlamydia. Primary 
polyclonal antibodies were visualized with a FITC-conju- 
gated antibody (green fluorescence) and monoclonal anti- 
bodies were visualized with rhodamine red-conjugated (red 
fluorescence) antibodies. To distinguish between antibody 
reactions three filters for visualization of either green, red 
or both colors were used for microscopy. Inclusions con- 
taining bacteria that were immunostained with both anti- 
bodies appeared yellow when a filter allowing both colors 
to be visible was used. 

IMF analysis with anti-LPS mixed with either Pmp8 or 
Pmpl 1 antibodies demonstrated an identical staining pat- 
tern as the pattern of red-stained inclusions overlapped the 
pattern of green colored inclusions. Fig. 1A,B and C,D 
-show-no-variation-iTi-expression-of"Pmp8-aTid~Pmp1*l~as" 
the number and location of red and green inclusions were 
identical. This strongly indicates that Pmp8 and Pmpll 
are expressed in all C pneumoniae EB, which is in agree- 
ment with results obtained by Vandahl et al. recently [3], 

A diff'erent reaction pattern resulted from double stain- 
ing performed with anti-PmpIO and anti-LPS antibodies. 
Two examples are shown in Fig. 1E,F where the filter for 
visualization of both colors was used. Compared to anti- 
LPS, the anti-PmpIO reaction demonstrated that only part 
of inclusions or a small fraction of bacteria within a single 
inclusion (Fig. IF, arrow) reacted with anti-PmplO. There- 
fore, some inclusions appeared red since the majority of 
EB in those inclusions did not express PmplO. Thus, these 
IMF results show that PmplO was differentially expressed 
in EB relative to the LPS. In order to analyze the PmplO 
switching, a twofold dilution series of the infection dose 
was made. At the highest dilution (1 inclusion/10 cells) 
differential expression of PmplO was still seen in many 
of the inclusions (Fig. IG, arrow), illustrating that only 
few bacteria expressed PmplO. This result therefore indi- 
cates that within a single inclusion originating from infec- 
tion with one EB, differential expression of PmplO had 
been generated during development of the inclusion. Fur- 
thermore, the differential staining pattern was not a result 
of different stages of the developmental cycle because the 
differential appearance was seen in inclusions of the same 
size. 
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Fig. K IMF of melhanol-fixed, double-stained HEp-2 cells infected with C pneumoniae CWL029. Antibodies used for double staining were: A and B, 
anti-Pmp8 and anti-LPS; C and D, anti-Pmpll and anti-LPS; E-H, anti-PmplO and anti-LPS; I and J, anti-PmplO and mAb Cp26.4.23; K and L, 
anti-PmplO and mAb Cpl8,4; M and N, anti-COMC and mAb Cp26.4.23; O and P, anti-COMC and mAb Cpl8.4. The secondary antibodies were 
rhodamine red -conjugated goat anti-mouse and FITC-conjugated goat anti-rabbit antibodies. For A, B, E and F a 32x magnification was used. The 
magnification in the remaining panels was 80 X . 




A.S. Pedersen et ai I FEMS Microbiology Utters 203 (2001) J 53-1 59 



157 



The presented data are the first to confirm the on/off 
switching in the expression of Pmps noted previously 
[22,23]. An alternating expression of homologous Pmps 
will lead to changes of the protein composition at the 
chlamydial outer membrane and contribute to generation 
of surface variability. In this study the Pmp expression 
was examined late (72 h after infection) in the Chlamydia 
developmental cycle which corresponds to very recent re- 
ports concluding that C psittaci and C trachomatis Pmps 
were being synthesized in the late developmental phase 
[6,8]. Finally, it must be mentioned that the pmplO gene 
is located in a cluster together with pmp8, pmp 11 and 
seven other pmps. Within this cluster all the genes have 
the same direction of transcription except for pmp 10, 
which is placed tail to tail with pmp 11 being transcribed 
in the opposite direction. Consequently the pmplO tran- 
script is monocistronic, and the probability of another 
pmp gene product being produced together with pmplO 
is negligible. 

3.2. Characterization of PmplO by monoclonal antibodies 

In a recent study, IMF performed on formaldehyde- 
fixed cell culture infected with C pneumoniae has shown 
that PmplO (Omp5) and Pmpll (Omp4) contained sur- 
face-exposed epitopes [2]. Therefore, a panel of 11 mono- 
clonal antibodies, generated against C pneumoniae EB, 
-which— reacted— with— surface=exposed— epitopes— different- 
from LPS [18], were used to compare reactivity with 
PmplO by the double staining technique in IMF. Each 
monoclonal antibody was mixed with the polyclonal 
anti-PmplO antibody, and by IMF eight monoclonal anti- 
bodies had staining pattern identical to that of anti-PmpIO 
as summarized in Table 3. These results are exemplified by 
the anti-PmpIO and mAb Cp26.4.23 staining (Fig. II, J). 
Two examples of a different reaction pattern are the com- 
bination of mAb Cpl8.4 and anti-PmpIO shown in Fig. 
1K,L. The green (and not yellow) appearance (Fig. IK) 
was due to an abundant expression of PmplO. 

The monoclonal antibody reacting identically to anti- 



PmplO should not react with all inclusions. In order to 
detect all C pneumoniae inclusions when IMF was done 
with the monoclonal antibodies, a polyclonal antibody 
against SDS-denatured C pneumoniae OMC, pAb 198 
[2] (anti-COMC), was used. All inclusions were stained 
with anti-COMC (Fig. 1 M) whereas with mAb 
Cp26.4.23 one inclusion was seen not to be stained (arrow 
in Fig. IN). As control mAb Cpl8.4 stained all inclusions 
(Fig. 10,P). Table 3 lists the IMF results of the anti- 
COMC reactions when combined with monoclonal anti- 
bodies. 

In summary, IMF performed with the double staining 
technique has identified seven C pneumoniae monoclonal 
antibodies with a staining pattern identical to that of anti- 
PmplO. These were Cp5.4, Cpl3.4.30, Cp26.4.23, Cp28.27, 
Cp30.1.42, Cp36.2 and Cp38.3.33 (Table 3). The epitopes 
recognized by mAbs Cpl8.4 and Cp20.2.26 were present 
at a surface protein that was not differentially expressed, 
while mAb Cp24. 1 .44 has previously been characterized as 
a Pmp 11 -specific antibody [2]. The double staining with 
mAb Cp24.1.44 mixed with anti-PmpIO clearly demon- 
strated that PmplO surface-exposed epitopes were not 
identical to those recognized by mAb Cp24.1.44. The 
staining pattern was, however, also different from that of 
anti-COMC. Thus, here we have succeeded in identifying 
seven monoclonal antibodies with a reactivity identical to 
that of anti-PmpIO, and we therefore conclude that PmplO 
is-an-immunodominaiit-protdnHn-Gr77neMmonzffe— With" 
respect to data obtained by Vandahl et al [3], PmplO 
comprises as much as 1.1% of the total EB protein 
amount, which is the highest value for the Pmps identified 
in that study. Given the differential expression of PmplO, 
the significant abundance in EB and the existence of sur- 
face-exposed epitopes, we suggest that C pneumoniae 
PmplO is an important antigenic determinant likely to 
be involved in protection against the host immune system. 
In the OMP90 gene family of C psittaci the encoded pro- 
teins were found to be major immunogens in post-abor- 
tion sheep sera [27] and the amino-terminal part of 
OMP90A was exposed at the surface of EB [28]. 



Table 3 



Summary of the staining patterns obtained from IMF performed with the double staining technique 



C. pneumoniae mAb^ 


IMF performed with anti-PmpIO and mAbs 


IMF performed with anti-COMC and mAbs 


Cp5.4 


identical 


different 


Cpl3.4.30 


identical 


different 


Cpl8.4 


different 


identical 


Cp20.2.26 


different 


identical 


Cp24J.44 


different 


different 


Cp26.4.23 


identical 


different 


Cp28.27 


identical 


different 


Cp30.1.42 


identical 


different 


Cp31.2 


identical 


not determined 


Cp36.2 


identical 


different 


Cp38J.33 


identical 


different 



"Reference [18]. 
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pEXI-1 pEX1«2 pEX1-6 

Fig. 3. SDS-PAGE separation and Coomassie brilliant blue staining of 
induced E, coii cell lysate containing cro-p-galactosidase-PmplO fusion 
proteins. The size of cro-p-galactosidase is 117 kDa. Calculated sizes of 
pEXl-1 and pEXl-2 were 17.4 kDa, whereas pEXl-6 had a size of 12.0 
kDa. Arrows: ** denotes full-length protein; * denotes truncated pro- 
tein. Standard molecular masses in kDa are shown. 

3.3. The polyG tract of pmplO 



The genome sequences of the CWL029, AR39 and J138 
strains [10-12] show Httle genetic variation of the pmp 
genes. However, genome sequencing has demonstrated 
both intrastrain and interstrain variation in the number 
of guanine (G) residues in the pmplO polyG tract. Based 
upon the sequence of CWL029 ptnpW published by Knud- 
sen et al. [2], a string of 14 guanine residues was identified. 
This was identical to the number found in the AR39 strain 
[11] whereas the sequence determined by Kalman et al. 
[10] was out of reading frame due to a pmp 10 polyG tract 
of 13 residues. Therefore, further sequencing of the region 
spanning the pmplO polyG tract was performed in order 
to analyze for variation in the number of guanine residues. 
Sequencing was carried out on a 491 -bp PGR product 
amplified from genomic C pneumoniae CWL029 DNA 
and three different pEX plasmids from the expression li- 
brary [2] which all encoded an identical part of pmplO 
(amino acids 185-365). The results of sequencing (Fig. 
2A-C) show that the polyG tracts of pEXl-1, pEXl-2 
and pEXl-6 contain 14, 14 and 15 guanines, respectively. 
Sequencing of the corresponding pmplO region, amplified 
from genomic DNA, demonstrated a sequence with a var- 
iable number of G residues in the polyG tract (Fig. 2D). 
When the three pEX-encoded PmplO polypeptides were 
expressed as cro-p-galactosidase fusion proteins in Esche- 
richia coli, it was evident that the pEXl-6 fusion protein 
differed in size relative to pEXl-1 and pEXl-2 (Fig. 3). 
This verified that a string of 15 guanines (pEXl-6) resulted 



in generation of a stop mutation. Sequence analysis 
showed that this stop was generated 12 bp downstream 
of the polyG tract. In strain TW183 a full-length PmplO 
was expressed since the gene contained 1 1 guanine residues 
and was in frame [15]. 

Finally, the presented results indicate that variation in 
the number of residues in the polyG tract of pmplO pro- 
motes the molecular mechanism for differential expression 
of C pneumoniae PmplO during growth in cell culture. 
The benefit of modulating PmplO expression may be gen- 
eration of functional diversity or antigenic variation. No 
other C pneumoniae Pmp contains such a guanine-rich 
stretch, which is why regulation at the translational level 
of other Pmps has to take place differently. 
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